Rotational bands have been found in 57 Co using the 28 Si( 32 S,3p) reaction at 130 MeV. The bands, extending the mass 60 region of large deformation down to Zϭ27, are signature-partner sequences. Their quadrupole moments are similar to those of bands in the neighboring nuclei. The features of the new bands are described by Skyrme Hartree-Fock calculations favoring a configuration assignment with one neutron and one proton excited in the respective 1g 9/2 intruder orbital. An attempt to describe the magnetic (M 1) properties of the signature-partner structure is also presented.
I. INTRODUCTION
In recent years, considerable effort has been devoted to explore the island of exotic shapes in the mass 60 region. Rotational bands associated with a highly deformed (␤ 2 Ͼ0.3) or superdeformed (␤ 2 ϳ0.45) quadrupole shape have been found there, specifically in isotopes of Zn, Cu, and Ni ͑see, e.g., Refs. ͓1-4͔͒. The underlying configurations are explained by particle-hole excitations across the NϭZϭ28 shell gap in which the shape-driving N 0 ϭ41g 9/2 intruder orbital plays a pivotal role. Remarkably, these band structures can be and have been approached with various models ͑classical and Monte Carlo shell models ͓2,5͔, NilssonStrutinsky and relativistic mean field approaches ͓6͔, and large-scale Hartree-Fock calculations ͓7͔͒ and a consistent picture-the one mentioned above-has emerged. Since several theoretical approaches can be confronted with new experimental data, this nuclear region is of broad interest for both experimentalists and theorists.
The rotational sequences in the mass 60 region serve also as a contrast to those in the ''traditional'' regions of superdeformation at masses 80, 150, and 190 because of the occurrence of a so-called smooth band termination ͓8͔. Such an effect is expected in these relatively light nuclei, which have a smaller number of valence particles than the heavier nuclei and thus exhaust the angular momentum content of their single-particle configurations faster than the heavier nuclei ͑but still gradually͒. Interestingly, despite the expected loss of collectivity the bands remain well deformed over the entire spin range.
In the present work, the picture of particle-hole excitations across the shell closure is investigated further by studying the nucleus 57 Co. We have found in this nucleus a highly deformed band structure consisting of two signature-partner sequences. This finding extends the mass 60 region of deformation below the Zϭ28 shell gap. Furthermore, it represents one of the first cases for a band structure in an odd-mass nucleus in the mass 60 region ͑the previously known cases are mostly even-even or odd-odd nuclei͒. The band structure in 57 Co is compared with results from the Skyrme HartreeFock calculations outlined in Ref. ͓7͔ . A preliminary account of the present work can be found in Ref. ͓9͔ .
II. EXPERIMENT AND DATA REDUCTION
The experiment was carried out at the Argonne Tandem Linac Accelerator System. High-spin states in 57 Co were populated in the 28 Si( 32 S,3p) fusion-evaporation reaction at a beam energy of 130 MeV. The target enriched to 99% in 28 Si had a surface density of 0.5 mg/cm 2 and was supported by a 1 mg/cm 2 Au layer facing the incoming beam. The ␥ rays from the reaction were detected by the Gammasphere array ͓10͔, which contained 78 high-purity Ge detectors in BGO Compton-suppression shields. The Hevimet collimators were removed to obtain ␥-ray sum energy and fold information per event. Thirty Ge-BGO modules of the six most forward rings were replaced by a shell of 30 neutron detectors ͓11͔. The neutron shell served for the purpose of selecting one and two neutron evaporation channels and was used for the first time in Gammasphere ͓12͔. The evaporated charged particles were detected simultaneously with the 4 CsI-array Microball ͓13͔. The event trigger required the presence of four or more Ge detectors in prompt coincidence with each other and in anticoincidence with their suppressor shields or a minimum of two ''clean'' Ge detectors and a neutron detector. Under this condition, a total of about 700 million events were collected during two days of running time.
In the off-line analysis, the ␥-ray data were sorted according to individual detected exit channels. Gates were placed on the identified charged particles ͑and/or neutrons͒. Contaminants in these gates resulting from particles that escaped detection were sharply reduced by applying the total energy plane selection method of Ref. ͓14͔. The Doppler-shift correction for the ␥-ray energies was based on the velocity vectors of the recoiling nuclei which were reconstructed from the momentum vectors of the compound nucleus and the evaporated particles detected. A ␥-ray energy dependent recoil velocity was applied to compensate for the slowing down of the recoils in the target, and, thus, further sharpen the energy spectra. Finally, E ␥ -E ␥ matrices and E ␥ -E ␥ -E ␥ cubes of ␥-ray coincidence events were created.
The 3p evaporation channel was estimated to account for about 12% of the total fusion cross section, representing one of the strongest channels. In the 3p channel selected matrix, only measurable contaminants from the 4p and 3 pn channels were found. These remainders of contaminant exit channels were removed by subtracting the normalized portions of background matrices gated by those contaminants. The normalization factors used were 1.298 (4p) and 1.957 (3pn), indicating that the approximate efficiency for the detection of one proton and one neutron was 75% and 33%, respectively. In order to simulate the reduced energy resolution in the background matrices, the proper number of undetected particles were excluded from the recoil correction procedure.
The ␥-ray multipolarities were inferred from a directional correlation ͑DCO͒ analysis. The data from adjacent rings of Gammasphere were summed together to produce a channel selected E ␥ 1 -E ␥ 2 matrix with 1 and 2 corresponding to average detector angles of 142.7°͑backward͒ and 90.0°with respect to the beam axis. An intensity ratio
was introduced for the analyzed transition ␥ 2 , where the peak areas obtained for ␥ 2 at 1 and 2 were corrected for the relative efficiencies of the detectors at these angle positions. For the gating transition ␥ 1 , only peaks of stretched quadrupole character were considered. The type of each transition was restricted to either stretched dipole (M 1 or E1) or quadrupole (E2) radiation or the appropriate E2ϩM 1 mixing of these multipolarities. The shortcomings of this method are its inability to determine the degree of mixing and the disadvantage that E2 and nonstretched dipole (⌬Iϭ0) transitions are practically indistinguishable. For transitions of known multipolarity between low-spin states in 58 Ni ͑a nucleus with a significant population in the present experiment͒, it was found that R DCO Ӎ0.8 if ␥ 2 is a stretched and rather pure dipole transition and R DCO Ӎ1.1 if ␥ 1 and ␥ 2 are of the E2 type. The reference value of 1.1 is, however, a lower limit estimate for E2 transitions. At high spins, the angular-distribution attenuation coefficients are known to be considerably larger than those at low spins ͑see, e.g., Ref. ͓15͔, Fig. 5͒ and this increases the R DCO value up to 1.6. The value R DCO Ӎ0.8 for dipole transitions, on the other hand, may be taken as a representative value for the bulk of dipole transitions, which are in this nuclear region M 1 in character and presumably contain an admixture but of unknown degree.
A residual Doppler-shift analysis ͓16͔ was performed to obtain transition quadrupole moments for the level structures of interest. For this purpose, the channel selected ␥-ray data were sorted according to five different angle groups of the Gammasphere array with average angles of 72.9°, 90.0°, 107.1°, 127.2°, and 151.2°with respect to the beam axis. Subsequently, fractional Doppler shifts F() of the crucial ␥-ray transitions were extracted. Figure 1 shows the main part of the level scheme for 57 Co. The spin and parity assignments for the states up to the first 19/2 Ϫ state are adopted from previous work ͓17͔. The spins for the higher-lying states are assigned on the basis of the DCO analysis described above. In addition, it is assumed that levels decaying predominantly to known negative-parity levels have themselves negative parity. The transitions with energies given in parentheses are tentatively placed due to their weakness or the presence of unresolved doublets or multiplets.
III. RESULTS
The level structure at low spin is very complex and probably reflects the many possibilities of single-particle excitations in this nucleus ͓17͔. Above spin Iϭ25/2, however, a band structure develops. This structure is formed by two sequences of electric quadrupole (E2) transitions, labeled ͑h͒ and ͑i͒, which are interlinked at the bottom. Sample coincidence spectra for this structure are shown in Fig. 2 . The spectra in the two upper panels are obtained from sums of coincidence gates placed on in-band transitions. All band members and the interband transitions are labeled by their energies in keV. A spectrum gated by the 731 keV interband transition is presented in the bottom panel, confirming the reported coupling of bands ͑h͒ and ͑i͒ as well as their main decay-out branch (E ␥ ϭ2347 and 2799 keV͒. The 2292 keV transition in band ͑i͒ is a member of a multiplet ͑with the strongest component being the 2290 keV 17/2 Ϫ →13/2 Ϫ transition͒. Its placement as a band member is reasonable because gates on band ͑i͒ transitions enhance a 2292 keV ␥ ray considerably as compared to the coincidence spectra gated by band ͑h͒ transitions. Figure 3 shows the DCO ratios according to expression ͑1͒ for transitions in 57 Co. The distinction between stretched E2 transitions and dipole or mixed transitions is made by means of the R DCO reference value obtained for E2 low-spin transitions in a neighboring nucleus ͑cf. Sec. II͒. The transitions of the high-spin band structure are highlighted by triangles, while for the majority of the transitions another set of symbols ͑circles͒ is used. The dipole character of all inter-band transitions and the E2 character of most of the in-band transitions are firmly established from the DCO ratios. For the highest band members the multipolarity cannot be determined from the present data because of the weak intensities involved. Nevertheless, their assignments are likely because of the rotational-like character of these sequences. For the lowest in-band transition, with E ␥ ϭ1361 keV, no DCO ratio could be extracted either. The spin assignments for its initial and final state are determined by the multipolarities of the two transitions with E ␥ ϭ630 and 731 keV which bypass the 1361 keV transition. The interband transitions are proposed to be of M 1 type, by analogy with band structures in 62 Zn ͓4͔ and Zn ͓18͔. Consequently, the bands ͑h͒ and ͑i͒ are viewed as signature-partner bands.
FIG. 1. Partial level scheme for
57 Co showing the high-spin band structure, ͑h͒ and ͑i͒, and the level sequences fed by this structure, ͑f͒ and ͑g͒. Transitions are labeled by their ␥-ray energies in keV; typical uncertainties are 1-2 keV. The arrow widths represent the relative intensities of the transitions. The question mark below the 25/2 Ϫ ''bandhead'' state indicates that the decay of this level has not been observed. Two lower-lying states with spin and parity 23/2 Ϫ and 25/2 (Ϫ) , respectively, are also labeled by their excitation energies in MeV to ease the description of the scheme.
A general observation from Fig. 3 is that a number of transitions between spherical states with ␥-ray energies of about 1000-2000 keV are admixtures, i.e., of E2/M 1 type with a spin change ⌬Iϭ1. For example, the 1058, 1608, and 1898 keV transitions belong to this category. The spin-parity assignment of 21/2 Ϫ for the initial state of the 1058 keV transition is supported by the presence of a weak E ␥ ϭ1404, 3048 keV sequence bypassing the yrast transitions of level structure ͑g͒. These two ␥ rays are proposed to be E2 transitions leading to the maximum spin change, where the E2 assignment for the 1404 keV transition is consistent with the lower limit estimate for R DCO shown in Fig. 3 ͑no DCO ratio could be measured for the 3048 keV ␥ ray͒. The proposed absence of any parity change in the level scheme of Fig. 1 is a particularly safe assumption for the structure labeled ͑g͒. For the other structures, no reason is found to consider a parity change. However, the parity assignments for the structure ͑f͒ are considered to be less certain than those for the rest of the level scheme and therefore are given in parentheses.
In one case, the relative population of levels has been used to assign spins to the lower-lying states rather than the available multipolarity information: The 2799 and 2250 keV ␥ rays are proposed to be E2/M 1 (⌬Iϭ1) transitions, resulting in a spin-parity assignment of 23/2 Ϫ for their initial state at 9.776 MeV. The value R DCO ϭ1.341(68) for the 2799 transition favors an E2 or a ⌬Iϭ0 assignment and rules out an E1 assignment, whereas no DCO ratio could be measured for the 2250 keV transition. However, if the spin of the 9.776 MeV level would be one unit higher than the value proposed ͑i.e., for an E2 assignment͒ then the state would be yrast. This scenario would be inconsistent with the level scheme since the 10.074 MeV state at spin 25/2 in the level structure ͑f͒, which decays by the 797 and 1667 keV transitions, is more strongly populated than the 9.776 MeV level. A decay of the 9.776 MeV level by ⌬Iϭ0 transitions is deemed to be unlikely for a state located rather high in the level scheme. In addition to the arguments presented above, it should be mentioned that only the spin 23/2 assignment for the state at 9.776 MeV is consistent with the spin assignments made for the 2347 keV decay-out transition and the other ͑weaker͒ decay-out branches for the high-spin bands. Among those branches is the E ␥ ϭ1344, 2292 keV sequence for which DCO ratios are measured.
The decay intensity of the signature-partner bands in 57 Co is spread over several pathways linking them with both the level structures ͑f͒ and ͑g͒, the latter one being favored. The observed decay-out transitions account for ϳ80% of the intensity of the bands. As indicated in Fig. 1 , the decay of the weakly populated 25/2 Ϫ ''bandhead'' state is not observed. Therefore, it is important to ensure that in the present level scheme no significant transitions are missing and the following check of the spin assignments is in order. Figure 4͑a͒ shows the intensity patterns of the yrast sequences over a large spin range. Indeed, the crossing of these patterns ͑between spins 27/2 and 29/2͒ is supportive for the sequence of ␥-ray transitions near the yrast line and their corresponding spin assignments. The branching ratio for the decay intensity of the signature-partner band between interband (M 1) and in-band (E2) transitions is shown in Fig.  4͑b͒ . Conclusions from this pattern are drawn in Sec. IV.
The possibility of a proton decay near the bottom of the 57 Co bands, similar to the case of, e.g., 58 Cu ͓2͔, has been also investigated and the result is negative. For this particular investigation, the ␥-ray events associated with 57 Co and 56 Fe have been ''mixed'' and a combined set of triples coincidence data has been analyzed using a double-gating procedure with a gating transition ͑or a list of gating transitions͒ in each nucleus. No evidence for coincidence relationships between transitions of band ͑h͒ or band ͑i͒ in 57 Co and yrast transitions in 56 Fe has been found in this analysis. However, because of limited statistics the presence of a weak protondecay branch corresponding to Շ20% of the intensity of the bands cannot be ruled out. The high-spin band structure in 57 Co is considered to be well linked to the low-spin part of the level scheme.
The collective character of bands ͑h͒ and ͑i͒ is inferred from their average transition quadrupole moments measured with the thin-target Doppler-shift attenuation method ͓16͔. code TRIM ͓20͔. The best fits are obtained for transition quadrupole moments Q t ϭ1.9 Ϫ0.4 ϩ0.6 e b and 1.9 Ϫ0.5 ϩ0.7 e b for bands ͑h͒ and ͑i͒, respectively. The quoted errors represent a 1 deviation from the best fit but exclude the systematic errors associated with the stopping powers which are smaller.
The transition quadrupole moments measured for bands ͑h͒ and ͑i͒ are significantly larger than the Q t values appropriate for the set of lower-spin transitions, which are also given in Fig. 5 . The Q t value of 1.9 e b corresponds to a quadrupole deformation ␤ 2 ϭ0.39 for an axial shape. However, the deformation is rather ␤ 2 Ͼ0.39 since the deformed shape is expected to be somewhat triaxial with a positive value of the ␥ parameter, as mentioned in the following section. For example, by taking ␥ϭ5°one obtains ␤ 2 ϭ0.41. It is also interesting to notice that the Q t values for the bands in 57 Co are comparable with those measured for the high-spin bands in neighboring Ni and Cu nuclei, e.g., in 56, 58 Ni ͓3,21͔ and 58 Cu ͓2͔. In summary, the new bands in 57 Co represent a highly deformed shape of the 57 Co nucleus.
IV. DISCUSSION
Properties of the high-spin bands in 57
Co are compared with results of the cranked Hartree-Fock ͑HF͒ calculations performed by using the HFODD ͑v1.75r͒ computer code ͓22͔, with the Skyrme SLY4 ͓23͔ effective interaction, and no pairing ͑see Ref. ͓7͔ for details͒. The configuration assignment proposed for the 57 Co high-spin bands is guided by ͑i͒ parity considerations, ͑ii͒ quadrupole moments, ͑iii͒ configuration crossings judged by, e.g., the behavior of the I (2) moment of inertia as a function of rotational frequency, and ͑iv͒ degeneracy of the signature-partner configurations. The configurations are described by the notation 4 n 4 p , where n and p are the numbers of occupied N 0 ϭ4 unique parity Routhians originating from the 1g 9/2 intruder orbital. The remaining particles occupy negative-parity Routhians, and hence the total parity of the The bands in 57 Co have most likely negative parity, see Fig. 1 . Therefore, the discussion is restricted to the lowest negative-parity configurations, that is, only intruder configurations of the 4 2 4 0 and 4 1 4 1 types are considered. The negative-parity configurations without intruder content (4 0 4 0 ) are ruled out by the large transition quadrupole moments measured, and those with nϽp are unlikely in a nucleus with NϭZϩ3.
The measured Q t values do not allow one to distinguish also between the two intruder configurations. This is shown in Fig. 6 where the measured average Q t values and the transition quadrupole moments calculated for the 4 2 4 0 and 4 1 4 1 configurations as a function of spin are compared with each other. The spin range shown for each Q t value is situated between the bandhead and the highest band member for which an F() value could be extracted. The largest difference between the theoretical curves is in the spin range near the bandhead but the present measurement is not sensitive to such a difference nor to a noticeable reduction of the quadrupole moment at very high spin. The calculations also show a slow migration of the nuclear shape into the nonaxial, noncollective sector with increasing spin and rotational frequency. For example, for the 4 1 4 1 configuration, the ␥ deformation parameter is calculated to increase from 3°at the bandhead to 26°at the top of the structure in an exponential fashion. The ␥ values for the 4 2 4 0 configuration are overall smaller. In the following paragraphs we try to reach a conclusion as to which of the two options (4 2 4 0 or 4 1 4 1 ) is most suitable to describe the bands in 57 Co. Figures 7 and 8 show the neutron single-particle Routhians for the 4 1 4 1 configuration and the proton singleparticle Routhians for the 4 2 4 0 configuration, respectively. These energy levels are labeled by standard Nilsson quantum numbers and a sign (Ϯ) representing the signature quantum number rϭϮi. Given in the figures are the dominant components of the HF wave functions at low ͑left set͒ and high ͑right set͒ rotational frequencies. The wave functions change with frequency because of the strong Coriolis mixing. The agreement between calculated and measured quadrupole moments ͑Fig. 6͒ indicates that the present calculations provide a good description for the bands in 57 Co. Since the high-spin sequences in 57 Co form a signaturepartner structure, and the positive-parity intruder states are calculated to be strongly split in energy, the observed bands must correspond to occupying the lowest-lying pair of negative-parity signature-partner states. In the case of the 4 1 4 1 configuration, the two bands are due to the occupation of one of the ͓303͔7/2(Ϯi) states by the 30th neutron ͓24͔. At the same time, the pair of protons is put in the ͓321͔1/2(Ϯi) states and kept there in the entire range of rotational frequencies. Around បϭ1.3 MeV, the ͓303͔7/2(Ϫi) Routhian is crossed by the ͓310͔1/2(Ϫi) state. This perturbs one of the signature-partner bands ͑the one for the rϭϩi signature͒, and leads to a bump in the corresponding I
(2) moment of inertia, see below. In the case of the 4 2 4 0 configuration, the two signaturepartner bands are obtained by putting the 27th proton in one of the ͓312͔5/2(Ϯi) states. Around បϭ0.9 MeV, the ͓312͔5/2(Ϫi) Routhian is crossed by the ͓321͔1/2(Ϫi) level, which also gives a bump in the I (2) moment. Therefore, in 57 Co one has two natural candidate configurations in which crossings occur in the rϭϩi bands. The diagram in Fig. 9 summarizes the occupations of singleparticle states in both scenarios (4 1 4 1 and 4 2 4 0 ). The discussed crossings of Routhians are highlighted by arrows shown in the diagram.
In order to evaluate further the level of agreement between the two theoretical scenarios and the experimental data, we compare in Figs. 10 and 11 the following parameters: the measured and calculated I (2) moments for 57 Co versus rotational frequency, the corresponding spins with respect to the superdeformed band in 58 Cu ͑relative alignment͒, and, separately, the relative energies between the levels in the 57 Co and 58 Cu bands. The superdeformed band in 58 Cu ͓2,25͔ is chosen as a ''reference,'' since alignments are absent in this structure as indicated by a ''flat'' I (2) (ប) behavior. However, to facilitate the comparisons two artificial transitions of 3641 and 4128 keV are added to it at the top, thus covering the frequency range of the 57 Co bands. The values for the relative alignment, shown in the top panels of Fig. 10 , are reproduced by the 4 1 4 1 configuration, while those obtained for the 4 2 4 0 case are too small by about two units. It should be pointed out that predictions for the relative alignment are fairly robust, because they mainly depend on the occupations of the 1g 9/2 intruder orbitals that carry most of the alignment ͓7͔. As shown at the bottom of Fig. 10 , the experimental I (2) moment of the rϭϩi band in 57 Co exhibits an irregularity around បϭ1.2 MeV indicative of a configuration crossing. This crossing frequency is more closely approached by the bump of the I (2) moment calculated for the 4 1 4 1 configuration than that obtained for the 4 2 4 0 configuration. The trend for the relative energies, shown in Fig. 11 , also indicates the superiority of the 4 1 4 1 configurations in describing the bands in 57 Co. For the plot in Fig. 11 , the experimental relative energies have been increased by 3 MeV, to put them at the same level as the HF results. That is, the absolute energies of the bands in 57 Co are not well reproduced by the HF calculations, but the comparison in Fig. 11 is meaningful for the spin dependence of the relative energies. In this respect, Figs. 10 and 11 consistently favor a 4 1 4 1 configuration assignment for the signature-partner bands in 57 Co. Finally, the M 1 properties of the two high-spin bands in 57 Co are discussed. From the branching ratios of Fig. 4͑b͒ and the transition energies ͑in MeV͒, reduced transition probability B(M 1)/B(E2) ratios for the spin states near the bottom of the structure can be extracted according to an expression given in Ref. ͓26͔:
͑2͒
Here it is assumed that the quadrupole and dipole transitions are pure ͓␦(E2/M 1)ϭ0͔. Expression ͑2͒ together with the B(E2) values for the states of interest provide a set of In order to calculate the M 1 transition matrix elements, a formula based on the geometric model by Dönau and Frauendorf ͓28͔ is introduced:
This formula is a straightforward extension of the cited model which allows to perform a summation of the magnetic moments for the ''deformation aligned'' ͑index ␣) and ''rotation aligned'' ͑index ␤) components of a multiparticle multihole configuration. The definitions of the parameters in Eq. ͑3͒ and their corresponding values are the following: For the bandhead state, Kϭ ͚ ␣ K ␣ with K ␣ being the K quantum numbers for the individual single-particle angular momenta. The parameters i ␣ and i ␤ are the components of the individual single-particle spins along the rotational axis and their values are taken from the HF calculations. The values i ␣ for the ''deformation aligned'' orbitals ͓͑303͔7/2 and ͓312͔5/2͒ are small (Ͻ0.2ប) and values at a low frequency (បϭ0.1 MeV) are taken and kept constant over the entire spin range. The alignments i ␤ for the ''rotation aligned'' orbitals ͓͑440͔1/2, ͓310͔1/2, and ͓321͔1/2͒ are large and values i ␤ (I) are used. In the present approach, i ␤ is the only parameter that depends on the spin. The g factors g K ␣ and g i ␤ for the ''deformation aligned'' and ''rotation aligned'' orbitals are taken from a strong coupling limit estimate and from the Schmidt value ͓29͔, respectively. The g factor for the collective rotation is taken as g R ϭZ/A. For simplicity, the signature splitting dependent ''second order'' term (I ⌬eЈ/ប ͓28͔͒ has been omitted in Eq. ͑3͒.
The results for the B(M 1) values calculated for the 4 1 4 1 and 4 2 4 0 configurations are shown in Fig. 12 as the horizontal lines. The discontinuity at spin 33/2 reflects the configuration change ͑crossing͒ discussed above ͑cf. Fig. 9͒ . The model estimates for both configurations are in the same range with the data. Given the fact that the experimental errors are large, this observation might only represent a consistency check for the two most reasonable configuration assignments selected before. However, it is remarkable that with a rather simple model and a reasonable choice of mostly constant parameters the calculated B(M 1) values are close to experiment.
Somewhat speculative, the mismatch between the model curves for the 4 1 4 1 configuration and the small B(M 1) value at spin 33/2, i.e., near the configuration crossing, might be due to the constant Q t value or/and g R factor. Indeed, at the crossing, Q t is expected to be somewhat reduced due to a change in the core properties. At the same time, g R might decrease since two neutron orbitals are crossing (4 1 4 1 ). For this configuration, a better fit to the data is therefore conceivable. On the other hand, assuming that there is no spin dependence in the B(M 1) values we may compare a weighted average of the data ͑Fig. 12, asterisk͒ with the model curves. Then, the 4 2 4 0 configuration appears to be in closer agreement with the data.
V. SUMMARY AND CONCLUSIONS
The presence of two rotational bands in 57 Co is reported and their features were described in detail. Average transition quadrupole moments were measured for these bands which show that the nuclear shape at high spin is highly deformed (␤ 2 Ͼ0.39). The deformation of the bands in 57 Co is comparable with those of the bands in the neighboring Ni and Co nuclei. However, the newly observed bands in 57 Co are signature-partner sequences.
The features of the rotational bands in 57 Co were compared with results from Skyrme Hartree-Fock calculations. The calculations favor a 4 1 4 1 or 4 2 4 0 configuration assignment for the signature-partner structure, involving in either case two 1g 9/2 intruder orbitals. Among these two options the 4 1 4 1 configuration matches the aligned spins, I (2) moments of inertia, and excitation energies relative to a reference versus the spin best and is therefore preferred.
The measured Q t moments and the B(M 1) values for the signature-partner linking transitions were considered as another means to distinguish between the 4 1 4 1 and 4 2 4 0 configurations. However, the experimental uncertainties of these quantities are too large to favor conclusively one of the two intruder configurations. Nevertheless, the discussion of B(M 1) values in the present paper is the first attempt to describe the magnetic properties of signature-partner bands in the mass 60 region. Using a formula based on the Dönau-Frauendorf formalism and parameter values partially taken from the Hartree-Fock calculations, the model curves for the 4 1 4 1 and 4 2 4 0 configurations are roughly in agreement with the data.
In conclusion, with the newly observed bands in 57 Co the limit of the mass 60 region of deformation is shifted below the Zϭ28 shell gap. A consistent picture for particle-hole excitations across this gap involving the 1g 9/2 orbital is obtained.
